Abstract. Accelerometers equipped smartphones can detect seismic events in the same way as specialized seismological stations. However, the false alarm of the low-end sensors cannot meet the stringent requirement of earthquake detection applications. While a lot of work has been done to reduce the white noise, little of them focus on eliminating the adulteration caused by human motion.
Introduction
Sensor equipped smartphones can be manipulated as the potential earthquake surveillance devices in earthquake warning system, since the accelerometers inside them are similar to the seismometers on the seismological stations, which can detect the shakes caused by earthquakes [1] [2] [3] [4] .
However, the utilization of the off-the-shelf smartphones in seismic detection faces great challenges. For example, the sampling data of accelerometers in smartphones are usually affected by a strong noise of human activities, so they consequently cannot meet the requirements of the earthquake applications. Traditional P-wave detecting algorithms such as short/long average (STA/LTA), which is adopted in the seismological station, cannot distinguish whether there is an earthquake, or just turning the motion form by the phone holders, and leads to unacceptable false alarms.
Typical smartphone earthquake detecting include CSN (Community Seismic Network) [3] , ishake [1] , QDS (Quake Detection System) [2] , and Myshake [4] , etc. They detect earthquakes by comparing the records of accelerometers to a certain threshold, but little of them considerate the uncertainty of the activities of smartphone holders. To address this problem, some of them try to establish mixture model for the sampling data acquired in the daily use of mobile phones, and issue abnormal events when the phenomenon occurrence below a certain probability [3] . However, human daily behavior can not be limited to a few states; a large number of actions are hard to be classified by static classification methods.
To reveal the anomalous seismic events from the sampling data, this paper considers the characteristics of the accelerometers on smartphones for everyday purposes. First, a Gaussian filter and an eigenfunction are introduced to reduce the random noise from the signals, and then we propose a new two-layer abnormal vibration event recognition scheme STA/LTA+DTW (Dynamic Time Warping) to distinguish abnormal vibration and the normal motion form turning of phone holders. Unlike traditional P-phase pickup scheme, the new strategy first uses STA/LTA to recognize the anomalous events from the sampling data and next, trigger a DTW algorithm [5] to decide whether the picked event is a real earthquake or, just false alarm caused by the activities of the holders. Finally, we conduct numerous experimental simulations to verify the effectiveness of the new strategy, and the results show that the proposed scheme can reduce the false alarm rate effectively compared with the state-of-art.
Data Feature and Problem Statement

Features of the Sampling
As the symbol of the earthquakes, the P -waves sampled by the accelerometer on smartphones are usually polluted by human actions [6] . The typical records can be classified into three types offer observations, Fig 1 depicts the time series of samples from a Samsung galaxy s8, (a) shows common behaviors in our daily life, such as walking, running, standing, going up and down stairs, cycling, etc. The second represents the turning of the motion form ( Fig. 1(b) ), e.g., phone holders start walking after quiet stands, or from sitting to getting up, and the third is anomalous vibrations that we simulate earthquakes by standing on a shaking table that is for structural engineers ( Fig. 1(c) ), the P-waves within them represents the real anomalous events. 
Statement of Problem
STA/LTA (Short Term Average/Long Term Average) is a method to detect seismic events and pick up the arriving time of P-waves, which is commonly used in traditional seismic stations [7] . The basic STA/LTA is defined as following:
Where X(i), (i=1,2,...,N) are the sample values in a short time window; Y(i), (i=1,2,...,M) represents data in a long time window; M and N is the number of samples, respectively. The value of STA/LTA can be calculated as:
Where CF() is an eigenfunction, typically it is a mean-varance of the sampling with in a time window. STA/LTA issues an event when R is greater than a preset threshold. However, in Fig. 1 we can see that both Fig 1.a and Fig 1. b are reported as events by P-wave pickup, the STA/LTA algorithm can not recognize whether the abnormal vibration is caused by the motion turning or a real event. Therefore the problem in this paper is to propose a new scheme to distinguish the false alarm from the pick-up results by traditional algorithms.
STA/LTA+DWT Solutions
Approach Overview
The system architecture of proposed approach is shown in Fig 2. According to the obversivations on the sampling data, we first introduce a Gaussian filter to reduce the white noise, and then apply a feature function on the filtered results to magnify the sudden changes of the vibration. Secondly, we employ a typical STA/LTA pickup algorithm upon the data to find out the rough decisions about the possible anomalous events. Once the events are issued, the procedure triggers a DTW (Dynamic Time Warping) algorithm on the picked sampling series, and make the final decision. 
Data Preprocessing
In order to eliminate the interference of the white noise, a Gaussian filter is employed to reduce the influence. Specifically, the Gaussian filter is is given by [8] : 
Where x(n), y(n) is the input and output sequences of the system, n and m are the signal sequence points and the filter radius, respectively, w is the Gaussian filter coefficient, which can be calculated as: To capture the significant temporal dynamics of earthquakes, we employ a eigenfunction to amplify the features of earthquakes in STA/LAT algorithm, we choose CF (i)= | X (i) -X (i-1) | [9] in equation (2) to highlight the variation of the acceleration amplitude.
Anomalies Detection Based on DTW
According to the features observed from the date sampling, the difference between the false alarm and the real anomalous events is the shape of the waves. Fortunately, the motion turning has regularity before turning and after. For example, if a phone holder holds the phone up to answer a call while walking, the sampling data of the accelerometers shows walk pattern and hold-up walking pattern before and after turning. To recognize such motion form turning events, we propose DTW (Dynamic Time Warping) to calculate the degree of the similarity of those time series.
Different motion events such as stay, walking, running, going up and down stairs have different DTW value stability, so it is impossible to determine the category of the event according to DTW values. However, the relative rate of change of DTW values in different events is not same, which can be calculated as:
Where DTW1 and DTW2 respectively are values of three consecutive time windows triggered and recorded by STA/LTA. The motion change event and the real event can be separated by Rd value, and the DTW value can be calculated by procedure below:
Procedure: DTW value calculation Input: two time series T and R; and their length m, n respectively Output: DTW (T, R)
return DTW(T,R);
Performance Evaluation
The experiment is conducted on three smartphones, specifically, a Samsung galaxy s8, a Huawei Glory 10, and an OPPO R10 to collect vibration data by their accelerometers. There are 90 records received in the experiment, including 30 records of abnormal vibration events simulated in a shaking table in civil structure engineering in our school; 30 records of normal vibration for typical usage; and 30 records of the motion turning. We set thresholds of STL/LTA and DTW as 1.3 and 1 respectively, since in this setting the precision of detection rate is maximized to 92.33% in the benchmarks.
DTW Results vs. the Thresholds Setting
The DTW algorithm is processed on the above three types of record from Fig.1 , and the result is shown in Fig. 3 . From Fig. 4 , we can see that the DTW values of daily behavior events has a certain stability, DTW values of motion turning events and anomalous events are fluctuating, but there are obvious differences, the value of motion turning jumps to greater and remains stable, but rises and falls to the initial state while in real events, which is the fundamental criterion of figuring out the false alarm. Table 1 depicts the effectiveness of the proposed STA/LTA+DTW compared with the traditional STA/LTA method. We use the correct times (the real abnormal vibration events), false times (the motion turning) and the percentage to measure the improvement. From Table 1 , we can see that the accuracy rate of two methods remains the same level, but the false alarm rate of the STA/LTA+DTW method is significantly lower than that of the STA/LTA. Visualized Figure 4 shows that the improvements can reach to 37% at best. 
Effectiveness of STA/LTA+DTW
Conclusion
This paper presents a new strategy to recognize the false alarms from the mixed seismic events picked by smartphones. We first employ a noise reduction scheme to extract the event features in data pre-processing, and secondly, propose a new STA/LTA+DWT P-wave pickup algorithm to recognize the false alarms from the mixed events. The simulation results verify that the proposed scheme can reduce the false alarm rate significantly.
